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Abstract

Within the Su, Schrieffer and Heeger model we have calculated, both

●nalytically and numerically, the ●ffects of model impurities on the

●lectronic structure and lattice distortion of trans-polyacetylene. We

find that the ●lectron-phonon

●iteration of the impurity level

coupling may result in a fundamental

location.

In simulated photoexcitation ●xperiments on the defected system we

find that, in addition to the kinks and breathers produced in the un-

defeated system, “trapped kinks”, ●xcitons and polarons may also be

produced. We suggest that the polarons produced in this novel way may

be unusually stable and play sn important role in hopping conduction

mechanisms.

I. Introduction

It has become

central role in the

widely advocated that nonlinear ●xcitations play a

underst#ndin8 of the structural, optical ●nd ●lee-

tronir properties of trans-polyacetylene ●nd rel~ted ❑aterials. This

has betn supported by ●xperimental studies ●nd by both ●nalytic ●nd

numerical calculations on model systems -- particularly the “SSH”

Hamiltonian [1]:

n 92 K
z z (Un - Un-l=-~u+- )2 + Z[-to + a(un - Un-lm;cn.l

‘SSH 2nn n n

(1)

where all the variables have their conventional ❑eaningm (oee e.8.

ref, 2). Most previous theoretical work has considered only defect-free

systems, ●lthou8h the otrons sample dependence of “pristine” -amples
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sugges~s that intrinsic defects, ●.g. from bends, breaks or cross-links

in the polymer backbone are important to a complete understanding of the

system, Further, by doping with ●xtrinsic impurties, the ●lectrical

conductivity can be varied reversibly and systematically over approxi-

mately thirteen orders of ❑agnitude. This not only shows the importance

of the role of ●xtrinsic defects in understanding the transport proper-

ties of the system, but also suggests that dopant impurities are

(typically) non-substitutional and not chemically reactive with the o

electrons of the polymer backbone.

In this paper we consider two model defects. The “site impurity”

[3], which may model complex ❑orphological ●ffects, such ●s cross-

Iinking and hybridization or the bondin8 of an orbital in ● dopant to

the n orbital of a single carbon atom, is ❑odeled by the addition of a

term to the SSH Hamiltonian, which couples to a sin81e site. The “bond

impurity” [4], represented by a local variation in the transfer matrix

of the ●lectronic part of the SSH Hamiltonian, may model intrinsic

defects, such ●s chain bends ●nd breaks, or ●morphous ●nd ~is-like

re8ions within the trans-polyacetylene chain.

In section 11 we discuss the effects of impurities on the purely

dimerized lattice, while in section 111 we consider some typical

photoexcitation experiments. Section IV contain ● brief discussion ●nd

our conclusions.

11. Impurities in the Uniformly Dimerized Lattice

The site impurity is represented by the ●ddition to the SSH

liamiltonian of ● potential ●t site m:



4

+
‘1 = ‘o Clncm ‘

while a bond impurity acts on a the bond between sites m and m + 1:

‘2
= -Wo(c;cm+l + C:+lcm) ,

(2)

(3)

This bond impurity does not break the ●lectron-hole symnetry of the SSH

Hamiltonian and thus ●ny induced impurity levels must appear in pairs

symmetrically about midgap. The site impurity, on the other hand,

breaks the ●lectron-hole syusnetry and the impurity levels need not be

paired.

Using, ●.g., ● continued fraction scheme similar to that used in

ref. 5 we find [6] that the site impurity induces localized levels at

(2)

where t
A

= to + Ao/2 and tB = to - Ao/2. For a donor impurity (V. < O)

a state detaches from the bottom of the valence band into the “ultraband

region” mnd a

the “intragap

●lement t ikA

states at

state moves from the bottom of the conduction band into

region”. For the bond impurity where a single matrix

replaced by tE = tA + Wo, there ●re a pair of intragap

E= t{t; + t: - [(t; - t:)z+ 4t;t;11’%(2tE) (5)

if the impurity ●ither strengthens ● weak bond (tA < 1~1, tA < tB) or

weakens ● stronu bond (tA > ItEl, tA > tB). Similarly ultraband states

are produced at

E=t(t:+t; + [(b;- 2 2 %(2tE)t;)z + 4tEtB] (5)

if the impurity strengthens the bond (tA < 1~1).
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Both impurities also induce a localized lattice defect, t linear

approximation calculation of which will appear ●lsewhere [6]. The

numerical adiabatic dynamics studies were in good agreement with the

analytical calculations and showed that the- site impurity induces a---

localized lattice distortion consisting of a sharp step on the veak bond

neighboring the impurity and a tail on the strong bond neighboring the

impurity (see fig. 1). For the bok~d impurity the lattice distortion is

synznetric about the defected bond and simply corresponds to a chacge in

the local dimerization of the lattice.

On numerically relaxing to a fully self-consistent

tronic structure and lattice distortion, we find for the

that the impurity ●lectronic levels become more localized,

coupled elec-

site impurity

For the Dond

impurity the renormalization of the location of the impurity levels may

be qualitatively fundamental with the intragap level becoming less

localized. This is partially compensated by the localization of a pair

of ultraband levels.

111, Photoexcitation in the Presence of Defects

It bas previously been shown in numerical studies of the undefeated

system [2,7] that photoexcitation of ● single ●lectron ● cross the

electronic gap lead- to tbe production of a separating kink ●nd ●ntikink

and ●lso a localized ●nharmonic phonon bound state -- ● “breather”, We

have suggernted that thi~ may account for the ●xperimentally observed

photoinduced photoabsorption -pectrum [8]. If this view ic valid, it is

important to dem-aatrate that the scenario remains qualitatively

unchan8ed in the defected ~ystem.
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Here we briefly discuss a few representative photoexcitation exper-

iments -- complete details will be published elsewhere [6]. Consider a

charged impurity with a singly occupied intragap level above midgap and

● doubly occupied ultraband level ~elow the valence band and a fully

consistent ●lectronic-lattice structure. At time t = O an ●lectron is

●xcited into (i.e. manually placed in) the intragap level. ‘Ae find that

the intragap impurity level drops to ❑idgap forming a negatively charged

●ntikink around the impurity which is expelled at the maximum free

kink velocity. This leaves behind a kink trapped over a single lattice

site around the impurity step. This “trapped kink” is not associated

with an intragap level but is maintained by the ultrtilland impurity

level. (Other mechanisms for creating these interesting “trapped kinks

●redicussed in Ref. [6)). In addition the singly occupied level at the

top of the valence band and the empty level at the bottom of the conduc-

tion band move into the gap to form a hole polaron. In photoexcitation

into the lowest level of the conduction band we find that, rather than a

polaron, an ~’exciton” and a breather are formed, Similar ●volitions take

place for neutral impurities and for systems with more than one impurity

[6].

Now consider ● neutral bond impurity, with a pair of intram

impurity levels: the upper mpty, the lower do’lbly occupied. Although

photoexcitation adda insufficient ●nergy to produce ● ~ pair, the

●lectronic energy of the system is lowered by the r~moval of states from

the top of the conduction band ●nd the bottom of the valence band, thus

providiu8 ●nough lattice energy for the production of a separatiw

~ pair, along with a localized defect on the impurity bond.
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IV. Discussion and Conclusions

We have found that both the site and bond model impurities may

result in the production of localized ●lectronic levels in the gap and

in the ultraband re8ion. In the case of the bond impurity the renorma-

lization due to the ●lectron-phonon coupling may be qualitative and

result in the intragap levels becoming less localized [9]. In studies

of the kink-impurity interaction, discussed fully ●lsewhere [6], we

found that the ❑obility of a kink is typically strongly reduced by the

presence of impurities. Indeed a single kink may become trapped around

a site impurity, allowing the kink to be supported purely by the ultra-

band impurity level, and letting the midgap level drop into the valence

band, These dynamics suggest that the ballistic transport of kinks is

unlikely to make a significant contribution to the transport properties

of the system.

Contrary to naive ●xpectations the pr~sence of lattice defects

strongly ●nhancea the production of nonlinear ●xcitations, including

trapped kinks ●nd ●xcitons, which ● re not stable in the undefeated

system. Further, breathers are not suppressed and may still be expected

to contribute to the subband edge ●bsorption. The observed ~ produc-

tion below the direct production threshold (2AO) is additional to

quantum ●nd thermal Urbach tail mechanisms.

Finally, polarons may be produced in both kink-impurity interac-

tion and in photoexcitationm. As kinkn may rapidly trap and decrea~e

the polaron mobility, there may be ● strons ●nhancement of the polaron

lifetime in the defected system, which could play ●n important role in

hopping transport mechanisms.

Work supported by US DOE, SRP supported in part by DSR (University

of Florida) ●nd NSF DKR-8006311*



8

References

1,

2.

3.

4.

5.

6,

7,

8.

9.

W. P. Su, J. R. Schrieffer and A. J. Heeger, Phys. Rev. B ~ 2099
(1980). ‘

A. R. Bishop, D. K. Campbell, P. S. Lomdahl, B. Horovitz and
S. R. Phillpot, Phys. Rev. Lett. ~, 617 (1984) and Syn. Met. ~
223 (1984).

D. Baeriswyl, J. Phys. Colloq. (Paris) ~ C3-381 (1983) and
unpublished.

C, T. White, J. L. Elert and
(Paris) ~, C3-481 (1983).

E. J. tlele and H. J, Rice, Phys.

S. R. Phillpot, D. Baeriswyl,
submitted to Phys. Rev. B.

W. P. Su and J. R. Schrieffer,
77 5626 (1980).—

,

J. W. Hintmire, J. Phys. COllb~.

Rev. B Q, 5397 (1981).

A. R. Bishop and P. S. Lomdahl,

Proc, Natl. Acad. Sci. (New York)

J, Orenstein, G. L. Baker and Z. Vardeny, J. Phys. Colloq. (Paris)
C3-407 (1983).

Cf. Arguments of P. W, Anderson, Nature (Physical Science) 235
163 (1972).



9

Figure 1. Staggered lattice displacement for 98 site ring with a

neutral (solid line) and a charged (dashed line) impurity at

the 50th site. The step is localized around one site and is

“kink-like”, while the tail is over a larger number of sites

and is “antikink-like”.

Figure 2. Photoexcitation into the intragap level of a charged site

impurity. Note the trapped kink at the center and the

rapidly moving free antikink. The polaron forms close to the

trapped kink and is expelled by it.
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